Abstract. Organic anion-transporting polypeptide (OATP) 1B1, encoded by the solute carrier organic anion transporter family member 1B1 (SLCO1B1) gene, mediates the active uptake of various organic anions into hepatocytes and determines their hepatic clearances as the first step in the detoxification pathway. Previous reports indicated that alterations in its function by drug-drug interactions or genetic polymorphisms affect the pharmacokinetics of the substrate drugs. In the present study, we developed a method to genotype SLCO1B1 388A>G (rs2306283) and 521>C (rs4149056), which significantly affect the clinical pharmacokinetics and subsequent side effects such as myopathy caused by statins, OATP1B1 substrates in humans. We used a small aliquot of blood and the isothermal Smart Amplification Process version 2 (SmartAmp-2), which could complete the genotyping of 388A>G and 521T>C within 60 min. The genotypes of 101 genomic DNA samples and blood samples assessed by SmartAmp-2 matched perfectly to those determined previously by the conventional PCR-SSCP method. The SmartAmp-2 method enables the rapid identification of the 388A>G and 521T>C genotypes, saving time and effort in the genomic DNA preparation in clinical practice. This method will be useful for evaluating and predicting altered pharmacological and toxicological effects of substrate drugs caused by SLCO1B1 polymorphisms.
INTRODUCTION
Organic anion-transporting polypeptide (OATP) 1B1, encoded by the solute carrier organic anion transporter family member 1B1 (SLCO1B1) gene, is expressed predominantly on the blood side of the human liver and regulates the hepatic uptake of various organic anions, including clinically important drugs such as HMG-CoA reductase inhibitors (statins) and angiotensin II receptor antagonists (sartans) (1, 2) . Recent evidence demonstrates the importance of OATP1B1 as a determinant of the pharmacokinetics of anionic drugs. For example, coadministration of a clinical dose of potent OATP1B1 inhibitors such as cyclosporin A and rifampicin significantly increases the plasma area under the concentration-time curves (AUCs) of various substrate drugs (3) . In addition, several reports have demonstrated the impact of genetic polymorphisms in the SLCO1B1 gene on the pharmacokinetics and subsequent pharmacological/toxicological effects of substrate drugs. In particular, two single nucleotide polymorphisms (SNPs) in SLCO1B1, 388A>G and 521T>C, are found frequently in several ethnic groups, and their effects on clinical pharmacokinetics have been investigated extensively.
Previous clinical studies indicated that the plasma AUCs of several OATP1B1 substrate drugs are higher in subjects with SLCO1B1 521T>C because this SNP decreases the transport activity of OATP1B1 and reduces the hepatic clearance of drugs (1, 2) . SLCO1B1 521T>C also decreases the hepatic clearance of the antidiabetes drug repaglinide and subsequently reduces the plasma glucose level (4) . A genome-wide association study Kenta Yoshida and Junichi Takano authors contributed equally to this work.
indicated that SLCO1B1 521T>C is highly linked with the elevated susceptibility to myopathy, a typical side effect of statins, in simvastatin-treated patients, possibly because of the increased plasma and muscle exposure to statins (5) . By contrast, SLCO1B1 388A>G tends to decrease the plasma AUCs of ezetimibe, pravastatin, and repaglinide (2).
We have developed a rapid detection system of genetic polymorphisms, the Smart Amplification Process version 2 (SmartAmp-2®), for genotyping SLCO1B1 388A>G and 521T>C very quickly. SmartAmp-2 enables genotyping of genes under isothermal conditions using small aliquots of blood, which should save time and effort by avoiding genomic DNA preparation (6) ( Table I ). In the SmartAmp-2 reaction, the folding primer (FP) and turn-back primer (TP) participate in primer extension events, producing an intermediate single-stranded DNA product. These intermediate species then undergo a selfpriming reaction to generate long DNA concatemeric products. The boost primer (BP), outer primer 1 (OP1), and outer primer 2 (OP2) support the functions of the FP and TP and therefore increase the reaction speed. The nonspecific amplification can be suppressed by a competitive probe (CP) and Thermus aquaticus MutS (Taq MutS) (7) .
In the present study, we designed six and eight primers to detect SLCO1B1 388A>G and 521T>C, respectively, and we validated their specificity and reliability using 101 human blood and genomic DNA specimens. The genotypes of these samples were determined previously using a PCR-single-strand conformation polymorphism (SSCP) method (8) .
MATERIALS AND METHODS

Collection and Preparation of Human Blood Samples
Peripheral blood was collected from 101 healthy Japanese volunteers, and DNA was extracted by the standard protocol. The samples were numbered, unlinked, and tested anonymously. This study was approved by the Institutional Ethics Review Board, and a written informed consent was obtained from all subjects before the study. The DNA concentration was about 10 ng/μl. Two volumes of 75 mM NaOH were added to each blood specimen.
The SmartAmp-2 Assay Using Human Genomic DNA and Blood Samples
The primer sets for the SmartAmp-2 assay were designed for amplification and genotyping of SLCO1B1 388A>G and 521T>C as described in Table II 
AmC7-Q 3′-amino modifier C7, BP boost primer, CP competitive primer, FP folding primer, OP outer primer, TP turn-back primer, WT wild type, MT mutated type in a 25-μl reaction mixture) or blood (1 μl for 388A>G or 2 μl for 521T>C in 25 μl) (6,9). The Mx3000P™ Real-Time PCR system (Agilent Technologies, USA) and LightCycler® 480 System II (Roche) were used for maintaining isothermal conditions and monitoring the changes in fluorescence intensity.
RESULTS AND DISCUSSION
We designed various sets of candidate primers for genotyping SLCO1B1 388A>G and 521T>C by placing the 3′ end of the BP at the site of the SNPs. Two types of BPs for each wild type (WT) and mutated type (MT) sequences were prepared for each primer set. For genotyping 521T>C, in addition to Taq MutS, we used a CP to suppress nonspecific amplifications (10) . The CP was designed to bind to the mismatch sequence of the genomic templates; the CP with the MT sequence was included in the WT primer sets, and that with the WT sequence was included in the MT sets. Because the 3′ end of the CP was modified with the AmC7-Q, mismatch amplifications could be suppressed in the presence of the CP.
Screening of these primer combinations and reaction conditions yielded an ideal primer set, which completed the specific amplification of human blood Fig. 1 . Genotyping of SLCO1B1 388A>G and 521T>C by SmartAmp-2. a The primers constructed for the genotyping of SLCO1B1 388A>G and 521T>C SNPs for the SmartAmp-2 assay. b Representative amplification-time profiles generated by the SmartAmp-2 assay in human blood specimens from a, d homozygotes of the WT, b, e heterozygotes, and c, f homozygotes of the mutated type of 388A>G a-c and 521T>C d-f. The primer sets for 388A>G a-c and 521T>C d-f were used in each experiment. Black circles and gray triangles indicate amplifications using the primer set for the WT and MT, respectively. AU arbitrary unit specimens with corresponding genotypes within 60 min, as shown in Fig. 1b . Genotypes of SLCO1B1 388A>G and 521T>C were then tested for 101 genomic DNA and human blood samples, and the results were compared with the previous genotyping results obtained using PCR-SSCP (Table III) (8) . The genotypes obtained by the conventional method and the SmartAmp-2 assay were identical, indicating that this new SmartAmp-2 assay is valid.
Conventionally, the genotyping of SLCO1B1 388A>G and 521T>C was performed using PCR-SSCP (8, 11) or PCR-RFLP (12) method. In another paper, a real-time PCR-FRET method was used to shorten the reaction time (13) . As summarized in Table I , the most striking difference between the SmartAmp-2 assay and the previous methods is that SmartAmp-2 is faster because it avoids the need for genomic DNA preparation and the genotyping can be completed within 60 min. Another advantage of the SmartAmp-2 assay is that the reaction proceeds in an isothermal condition and only simple equipment is needed to maintain the appropriate temperature. The method can be improved further with fluorescence-labeled oligonucleotides called "exciton primers," where visible fluorescent signals are emitted using UV or regular halogen lamps (14) . These inventions will allow medical personnel to determine these genotypes even at the bedside in the near future.
CONCLUSION
We have developed a novel SmartAmp-2 assay kit for the rapid and convenient genotyping of SLCO1B1 388A>G and 521T>C. The genotyping results obtained by this method matched perfectly to those determined by the conventional PCR-SSCP method. This system will help the clinician include the patient's genetic information when deciding on the dosing regimen to maximize the pharmacological effects and to avoid the side effects of OATP1B1 substrate drugs. The genotypes of SLCO1B1 388A>G and 521T>C were analyzed by the SmartAmp-2 method, and the results were compared with the previous results obtained using the conventional PCR-SSCP method (3). This table shows a comparison of the two methods applied to the identification of 388A>G (A) and 521T>C (B) SNPs in 101 genomic DNA and blood samples
